INTRODUCTION
The deterioration of the ecological situation of river systems in Ukraine as a result of irrational use of water resources, significant technological influences is a very perceptible problem and constitutes a hidden danger for present and future generations. The main sources of pollution of river basins are industrial and municipal waste water, agricultural runoff, surface runoff and atmospheric precipitation. The issue of assessing the quality of surface water during the transboundary transfer of pollutants by rivers from the territory of one state to another, which can lead to negative changes in the river basin, creating potential threats to the environment and human security, is becoming particularly urgent [BIELSKI 2012; KLYMENKO et al. 2013; KLYMENKO, LIKHO 2009] .
The study of water quality is a pressing issue, is of theoretical and practical importance since the Western Bug River is transboundary. The water resources of the Western Bug are used not only by Ukraine, but also by Poland and Belarus.
However, the existing significant anthropogenic load on the ecosystem of the river basin leads to a number of negative processes causing among other things the water quality deterioration. This issue is extremely important since it should be borne in mind that on the territory of Poland, the Western Bug River flows into the Zegrze Reservoir, which is the main source of drinking water for the city of Warsaw.
Monitoring of the environmental condition of surface water, especially transboundary rivers, is one of the main tasks of the state's environmental activities, the solution of which requires the joint efforts and means of neighbouring states aiming to preservation, rational use of surface waters, as well as mutual approximation of national and international laws, standards, implementation of active international environmental cooperation. Therefore, it is necessary to conduct timely observations of the qualitative condition of the surface water of the river basins and to analyze and summarize information about the condition of water bodies and predict its changes [KLYMENKO et al. 2013; KLYMENKO, VOZNYUK 2010; KRENGEL et al. 2018; ZABOKRYTSKA 2011] .
The aim of the study is to analyze the changes in the quality indicators of the surface water of the Western Bug River basin (within Ukraine).
A lot of scientific studies is devoted assessing of the water quality from different positions. A lot of scientific studies is devoted of the ecological condition of the river were carried out after the creation of the transboundary association "Euroregion Bug".
A significant contribution to the methodology of complex and integrated assessment of the ecological condition of river basins were made by YATSYK et al. [2006] and KLYMENKO, VOZNYUK [2010] . The research of the assessment of the ecological condition of river basins were carried out by such scientists as: KLYMENKO, LIKHO [2009] , ZABOKRYTSKA [2011] , KOYNOVA et al. [2012] , KOZYT-SKA, MUZYCHENKO [2015] , BURZYŃSKA [2016] , VOZ-NYUK et al. [2017], and YATSYIK et al. [2017] .
A large number of studies of Ukrainian, Polish and Byelorussian scientists are covered in the monographs published by the Warsaw School of Ecology and Management on the basis of international conferences on environmental problems of the Bug and Narva basins [BILYK, KOYNOVA 2009; KOYNOVA et al. 2012] .
MATERIALS AND METHODS
The environmental assessment of the water quality in the Western Bug River was carried out using a system of classification of standards of the assessment of the quality of surface waters in Ukraine, given in the "Methodology..." [YATSYK et al. 2006] . On the basis of common environmental criteria, the method allows comparing the quality of water in separate areas of water objects in time and space, to determine the impact of anthropogenic loading on aquatic ecosystems, to assess changes in the condition of water resources. In our opinion, it fully meets the requirements of the EU Water Framework Directive 2000/60/EC [2000] .
Characteristics of surface water quality includes a set of hydrophysical, hydrochemical, hydrobiological, specific and other indicators that reflect the features of the abiotic and biotic components of aquatic ecosystems [KLYMENKO, VOZNYUK 2010] .
Environmental assessment of water quality involves the following steps: 1) collecting, grouping and statistical processing of source information; 2) definition of classes and categories of water quality according to individual indicators; 3) generalization of water quality assessments by separate indicators of each block with the definition of integral values of classes and water quality categories for each block; 4) determination of the joint assessment of water quality in a water object for a certain period of observation.
The calculation of the environmental assessment of water quality carried out within three blocks ( Fig. 1 ): 1) block of indicators salt composition (І 1 ) which includes chlorides, sulphates, criterion of mineralization; 2) block of trophic and saprobiological (ecological and sanitary) indicators (І 2 ), including content: suspended matter, nitrates, nitrites, ammonium nitrogen, phosphates, dissolved oxygen, hydrogen index -pH, chemical oxygen consumption, biochemical oxygen consumption for 5 days; 3) block of indicators of content of specific toxic substances (І 3 ), which consists from one (general iron) to eight components (general iron, copper, zinc, manganese, total chromium, phenols, petroleum products, synthetic surface active substances). An integral (ecological) index (І Е ) was calculated on a base of the values of block indices for to determine the class and water quality category. The procedure for determining the categories of water quality according to the ecological classification for each hydrochemical indicator by average values allowed the absolute quantitative values to be converted into unified, integral indicators of water quality (indices, categories, subcategories, classes), which reflect the essence of the process. This one the changes in the conditions for the formation of water quality under the influence of anthropogenic factors were fixed by the indices, and were defined boundaries of fluctuations of ecological indices of water objects which have important for the decision of issues of water management, implementation of environmental protection and restoration measures ( Fig. 1) .
Calculation values of integral ecological indices (І Е ) is compared for according to the environmental classification with qualitative condition of water and the class and category of its quality is determined. In general, water quality is divided into five classes, which are accepted in many European countries. These classes have certain characteris- tics and a corresponding colour of the designation, which allows to clearly illustrating the ecological condition of the reservoir (Tab. 1).
Certainly, with such a number of calculations to be carried out during the environmental assessment of the quality of surface water, it is necessary to use modern technologies of geographic information systems (GIS), both for carrying out calculations themselves and for visualizing their results. After all, they allow not only to visualize the quality of river water on the map, but also to reflect the dynamics of its changes, and automatically change the colour gamma according to the proposed method [YATSYK et al. 2006] . The use of geoinformation systems will allow in the future to track the causal relationships of changes in water quality indicators after the implementation of a complex of water protection measures implemented to improve them, or after the emergence of new additional sources of pollution.
The geodatabase, which contains layers of vector data, was created using ArcGIS. In addition to the standard set of layers (forests, roads, administrative boundaries, settlements, etc.), particular attention is paid to the organization of surface water data. In particular, the "Points of observation" layer was added, while the Western Bug River was divided into sections between these points. In the table of attributes columns on the water quality of the Western Bug River have been added. All this allows you not only to store information, but also to display the water quality of these areas in the colour range. In the future it is supposed to create a database in order to save information about the research results; connect modules for analysis of the dynamics of water quality change and predict the quality of the future; manage administration for multi-level access to information, and also publish the map with a piece of information on the Internet for all interested persons and organizations.
Figure 2 provides an example of the organization and visualization of GIS "Surface water quality assessment" in ArcGIS 10.3. By using the geodatabase as the basis, we can also carry out different types of analysis, and create thematic maps. For example, in Figure 3 there is a thematic map "Environmental assessment of the state of surface waters of the basin of the Western Bug". The condition of the surface water of the Western Bug River largely depends on the negative impacts that it undergoes in the process of water use and economic activities at the water intake. 444 water users are registered in the Ukrainian part of the basin of the Western Bug [Informatsiinyi… 2018], of which 43 are directly discharged, the rest carry out discharges into the general urban sewage systems. Among the point sources of pollution, 40% are enterprises of housing and communal services [KOY-NOVA et al. 2012] .
The main influence on the surface water quality of the basin is had by communal and industrial enterprises of the Lviv region (95% of all waste water). Influence of the enterprises of the Volyn region on the quality of river water is insignificant. As the volume of allotting in the surface water of the return water from the objects of the oblast is only 5% of the total drainage [KOYNOVA 2015] .
The West Bug River also receives insufficiently treated industrial and agricultural drains, which results in an increase in the content of suspended matter and mineralization in the river waters, and the deterioration of the oxygen regime [KLYMENKO et al. 2003 ].
In recent years, the total use and drainage volume is more or less stable. The annual water intake from the rivers of the basin of the Western Bug ranges from 90-95 mln m 3 . Of these, 75% are taken from underground aquifers, 25% from surface water.
In sectoral terms 54% of the needs of utilities are taken away, agriculture -30%, industry -15%, other objects -1% [Informatsiinyi... 2018] . The dynamics of water use during the observation period shows that in the river basin there is a tendency to decrease the intake of water and its use that is primarily due to a drop in demand for production purposes.
The discharge return water in average is 180-190 mln m 3 , 25% of which are classified as contaminated. The volumes of polluted (without cleaning) sewage slowly increase each year due to poor condition of municipal wastewater treatment facilities of cities. In 2017 about 64.0 mln m 3 of untreated wastewater was received in the surface water basins of the Western Bug River. Compared to the previous year, volumes increased by 24.3 mln m 3 . It is worth noting that over the past few years there has been a tendency towards a reduction in the amount of pollutants that are thrown down in surface water objects by water users of the pool. In 2017, enterprises-water users of the basin had dropped of pollutants by 47.76 thous. t less, compared with 2016 [Informatsiinyi... 2018] .
The main sources of water pollution in the West Bank region are the municipal economy, whose enter- prises dispose of 80% of the total waste, industry have 10.6% and agriculture have 8.7%. The main pollutants entering the river are: ammonium nitrogen, total iron, phosphates, nitrates, phenols, suspended matter, dissolved salts, petroleum products [CHMIELOWSKI et al. 2016; KLYMENKO et al. 2003; VOZNYUK et al. 2017] . The largest volumes of discharges in the Western Bug are carried by the Lviv water supply canal. The share of this enterprise in the total volume of waste water is about 90%.
In addition, in the basin of the Western Bug River within the Lviv and Volyn regions, according to official data, are more than 200 landfills are located on an area of about 200 ha, most of which do not have the necessary permits. The landfills near Kamenka-Buzka, Dobrotvora, Novy Yaricheva, Zapitova, which today have exhausted the project loadings and require reclamation, constitute a significant environmental hazard [BILYK, KOYNOVA 2009; KOYNOVA 2015; KOYNOVA et al. 2012] .
Therefore, it is necessary to further introduce and implement measures aimed at restoring the quality of the water of the river basin by means of further reduction of discharges of sewage of settlements, construction of new and modernization of existing treatment facilities with a full cycle of sewage treatment, sewer networks, introduction of a system of fines for non-compliance with the requirements of the current water protection legislation [KLYMEN- KO, VOZNYUK 2010; KOZYTSKA, MUZYCHENKO 2015] . Solving these tasks requires improving the efficiency of the network of national and transboundary monitoring of surface water quality, creating organizational structures for the integrated management of the Western Bug basin, and integrating water protection measures by neighbouring states in accordance with the requirements [ILNICKI 2014; KLYMENKO, LIKHO 2009; KRENGEL еt al. 2018; ZABOKRY-TSKA 2011] .
In determining the general trends of changes in the environmental condition of the surface water of the Western Bug River basin, a long-term observation period from 2013 to 2017 has been chosen. To the output data for ecological assessment of water quality in the Western Bug River we take the results of many years of systematic hydroecological monitoring of water quality carried out by the services of analytical control and monitoring of the West Bug River Basin Water Management (Ukr. Zakhidno-Buz'ke baseynove upravlinnya vodnykh resursiv); Lviv Regional Department of Water Resources (Ukr. L'vivs'ke oblasne upravlinnya vodnykh resursiv) and Volynsky Regional Department of Water Resources (Ukr. Volyns'ke oblasne upravlinnya vodnykh resursiv); Department of Ecology and The analysis of the dynamics of changes in surface water quality indicators was performed on eight approved points (river cross section) of the monitoring of the state water quality monitoring network in the basin of the Western Bug River. The results of the environmental assessment of the surface water quality of the basin of the Western Bug River are shown in Table 2 .
After analysing the long-term changes in the integral indicators of the surface water quality of the Western Bug River basin (within Ukraine), it should be noted that the quality of water by the values of salt block (І 1 ) corresponds mainly to categories 1-2 of quality classes I and II. In accordance with the environmental classification by class and category, the water quality by its condition is characterized as "excellent" -"very good", and by the degree of cleanness -"very clean" and "clean". In addition, the water quality of the Western Bug was rated to category 1/class I, as "excellent" by its condition and "very clean" by the degree of cleanness at the observation points of Ustyluh town (2013), Zabuzhzhia vil. (2013 Zabuzhzhia vil. ( , 2014 .
According to the trophic-saprobic indicators (І 2 ), the surface water of the Western Bug River is evaluated as intermediate between categories 4 and 5 of the class III that is, as "satisfactory" by its condition, "polluted" by the degree of cleanness. According to calculations, it was found that such elements as NO 2 , NO 3 and NH 4 have the greatest impact on the deterioration water quality of this block.
The average values of specific indicators of toxic action (I 3 ) characterized the water quality as of category 4 of quality class III, "satisfactory" by the condition and "slightly polluted" by the degree of cleanness. However, due to the limited amount of source materials, this estimate is indicative.
It should be noted that the value of ecological and sanitary indicators (І 2 ) and indicators of specific substances of toxic activity (І 3 ) is the worst of the three block indices, and the salt index value (І 1 ) is the best.
The value of the ecological index (І Е ) by the average values of water quality indicators in the Western Bug River ranges from 3.0 to 4.0. This gives reason to evaluate it as "good"-"satisfactory" by its condition; "fairly clean"-"slightly polluted" by the degree of cleanness (category 3-4, class II-III).
We also calculated the generalized value of the integral ecological index (І Е ) of the water quality of the Western Bug over the entire study period (Tab. 3). It has been established that the water of the river is characterized mainly by category 4 of the class III, "satisfactory" by condition and "slightly polluted" by degree of cleanness. At the observation points Ambukiv vil., Ustyluh town, Zabuzhzhia vil. the water quality corresponds to category 3 of class II, as "good" by condition; and by the degree of cleanness -"fairly clean".
CONCLUSIONS
The conducted analysis of the dynamics of changes in the total values of integral indicators of surface water quality in the Western Bug River during the research period indicates that: 1) according to the indicators of the salt block, the water in the river belongs mainly to 1-2 categories, I and II classes of quality and is characterized as water "excellent", "very good" on condition, "very clean" and "clean" on the degree of cleanliness; 2) according to the trophic and saprobiological indicators of water, are assessed as intermediate between 4 and 5 categories of the III class, that is, "satisfactory" by condition, "polluted" by degree of purity; 3) according to the block of specific substances of toxic effect, the quality of water belongs to the
